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Abstract: In coming years, Australia may find the need to build new optical telescopes to continue
local programmes, contribute to global survey projects, and form a local multi-wavelength connection
for the new radio telescopes being built. In this study, we refine possible locations for a new optical
telescope by studying remotely sensed meteorological infrared data to ascertain expected cloud coverage
rates across Australia, and combine these data with a Digital Elevation Model using a Geographic
Information System. We find that the best sites within Australia for building optical telescopes are
likely to be on the highest mountains in the Hamersley Range in Northwest Western Australia, while
the MacDonnell Ranges in the Northern Territory may also be appropriate. We believe that similar
seeing values to Siding Spring should be obtainable and with significantly more observing time at the
identified sites. We expect to find twice as many clear nights as at current telescope sites. These sites
are thus prime locations for future on-site testing.
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1 Introduction
In this paper we use meteorological and geographic
analyses to identify locations in Australia which may
be capable of hosting significant optical astronomy re-
search facilities, potentially up to the 8m class of tele-
scopes.
We wish to ascertain where in Australia “good” lo-
cations for building optical telescopes are, based on
the principles that a good site has a high elevation,
little atmospheric distortion, and good “seeing”, with
minimal cloud cover reducing available observing time.
Informally it is thought that locations may exist in
Australia with overall more favourable conditions than
those found at Siding Spring.
Australia is a continent with vast flat regions and
relatively few mountain ranges. Those mountains that
do exist are typically not of very high altitude. Never-
theless, Australia has an active astronomical research
community in a range of wavelengths, including optical
astronomy through collaborations on larger telescopes
overseas, and advanced instrument engineering pro-
grammes at the AAO. Optical astronomy has a need
for a range of telescope sizes. New small telescopes are
often developed to test instruments or execute new sci-
ence concepts (for example the SkyMapper telescope
(Keller et al. 2007)), and it is convenient to have them
in geographic proximity.
The major optical research site in Australia is at
Siding Spring near Coonabarabran in northern New
South Wales. This site hosts the Australian Astronom-
ical Observatory (AAO) and the Mount Stromlo and
Siding Spring Observatory (MSSSO). Other research
telescopes are located at Mt Stromlo, A.C.T., Cano-
pus Hill, Tas. (soon to move to Bisdee Tier), Bickley,
W.A. and Gingin, W.A.
“Seeing” is a measurement used by astronomers to
quantify the stability of the atmosphere through which
they are observing. In general, higher altitude is corre-
lated with better seeing as one is looking through less
turbulent layers in the atmosphere. Construction of a
new telescope requires a site with a high altitude and
clear, stable atmosphere and very little artificial light
pollution.
An unpublished analysis of 1999 infrared and pre-
cipitable water vapour data by KG (private communi-
cation) suggested Mt Bruce, W.A. as such a potential
site. Based on similar analyses, Wood (1995) had pre-
viously proposed Freeling Heights, S.A., which is near
the Mount Searle site which was tested in conjunction
with Siding Spring by Hogg (1965). Walsh (2004) sug-
gests Mt Singleton in W.A. may also have compara-
ble seeing to both Siding Spring and Freeling Heights.
This paper aims to quantitatively further these inves-
tigations by conducting a study of Australian conti-
nental cloud cover, altitude, and a number of other
geographic considerations, to identify all possible loca-
tions for future research optical telescopes in Australia.
As large telescopes (of any wavelength) require sig-
nificant capital expenditure, it is vital to choose the
right location. Any telescope will have some downtime
both due to breaks for maintenance, and sky condi-
tions including clarity of atmosphere and operability
of telescope given wind and weather.
With a diameter of 3.9m, the Australian Astro-
nomical Telescope at the AAO at Siding Spring is the
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largest optical astronomy research instrument in Aus-
tralia1, however it is closed due to weather on average
around 35-40% of the (night) time, with photometric
(ideal clear sky) conditions for only 40% of the remain-
ing observable time (Tinney 1996; Lee 2012).
Geographic and meteorological studies into tele-
scope siting have been done in the past (Ardeberg
1983; Coops et al. 1991; Graham et al. 2005; Hogg
1965; Zhu et al. 2001). Historically, such studies were
temporally limited. In terms of Australian optical as-
tronomy, a description of the AAO site selection pro-
cess is found in Gascoigne (1990). In recent years,
the University of Friboug, Switzerland, has created its
own Geographic Information System for the purpose
of telescope siting questions, designed with the mo-
tivation of selecting a site for the proposed European
Extremely Large Telescope (E-ELT) in mind (Graham
et al. 2005; Sarazin et al. 2006).
Any proposed telescope might be of particular in-
terest for multi-wavelength investigations with new ra-
dio astronomy facilities being built in Australia such
as ASKAP (Johnston et al. 2008), the MWA (Lonsdale
et al. 2009) and potentially the SKA (Dewdney et al.
2009).
The research method employed in this project in-
volves a low-resolution Geographic Information Sys-
tem style Multi-Criteria Decision Analysis (Figueira
et al. 2006; Longley et al. 2005; Malczewski 1999) per-
formed across Australia to identify candidate regions,
using data freely available from the Bureau of Me-
teorology2 and Geoscience Australia3. The meteoro-
logical data were initially analysed using basic image
processing code written by CH (Hotan 2011), using
Python. A brief description of this process is found in
Section 2 of this paper.
Multi-Criteria Decision Analysis (MCDA) is performed
using industry standard software, ESRI ArcGIS v9.3,
into which the Geoscience Australia data can be read-
ily loaded and analysed, with the meteorological data
being rectified into a standard projection as appropri-
ate in Section 3. Once all relevant datasets are present
and correctly projected they can be added together to
show the effects of different “suitability metrics”.
2 Meteorological Analysis
2.1 Why meteorology is important
in choosing a telescope site
We consider cloud cover as a proxy for the amount of
observing time available at a site.
1http://www.aao.gov.au/AAO/about/aat.html
2The Australian Gov’t Bureau of Meteorology (BoM)
Geostationary Satellite Data Archive,
http://www.bom.gov.au/sat/archive new/gms/
3Geoscience Australia free data downloads,
https://www.ga.gov.au/products/
A number of variables must be taken into account
when considering the siting for a telescope, as dis-
cussed by Ardeberg (1983) wherein the author creates
a list of 19 parameters in 4 categories which must be
considered when siting a telescope. The first category
is characteristics of the atmosphere.
2.2 Directly sampled data
In this investigation we have used only data freely
available for download from the Australian Govern-
ment Bureau of Meteorology (“BoM”). Long term data
archives are only available on request and for a fee.
In this study we limit ourselves to data which can be
freely obtained.
The time period for which data were acquired in
this investigation was June 2008 until January 2010.
For the entire duration of this period, the Japan Mete-
orological Agency’s MTSAT–1R has been the primary
data source provided by the BoM. As all data come
from this one source, our data are readily comparable
with images taken at the same waveband.
2.2.1 The advantages of infrared data
We have chosen to work with infrared (IR) wavelength
data, in the 10.3−11.3µm waveband. This wavelength
is sensitive particularly to cold atmospheric responses,
and this is a good tracer of cloud cover, in particu-
lar high altitude cloud as well as rain–bearing cloud.
This helps gauge whether conditions might be photo-
metric. An advantage of using IR data is that these
wavelengths can return readings at any time of day, in
spite of some diurnal variations.
2.2.2 Types of data
Meteorological data may be acquired in a number of
ways, remotely sensed from space, by sensors deployed
at stations in various locations, or directly observed
by eye. We have used satellite data as they give even
coverage across the continent.
There is no fundamental reason to limit this study
to directly sensed data from satellites. Derived data
products and data observed at stations on the ground
are also very important, and if available, should be
taken into consideration. We have not done so here as
BoM observation points are sparse in regions of inter-
est. Derived information from satellite data, and in-
terpolation of ground-based data, can permit the pro-
duction of other potentially useful metrics such as pre-
cipitation, and wind strength and direction. A range
of these products are freely available from the BoM4.
Rainfall is of some interest to us in terms of sea-
sonal variations. In Australia, rainfall is concentrated
on the East coast, tropics, and southwest corner, falling
predominantly in summer months in the tropics but in
4A range of climate data maps can be accessed on
http://www.bom.gov.au/climate/averages/maps.shtml
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winter months at the lower latitudes.
Wind data are available from the BoM. We may
consider the wind across a large area, or we may be
interested in wind patterns at a certain point. Wind
data have not been incorporated in this study, but are
discussed further in Hotan (2011). From an astronom-
ical perspective, a site does not need to be especially
calm for an optical telescope. A moving air column
with constant direction and low speed may produce
better seeing than a still air column that is prone to
diurnal convection currents, or a turbulent air current.
Laminar flow is often found across mountains in west-
ern coastal areas of continents, and when available,
provides an important advantage in astronomical see-
ing (McInnes et al. 1974).
No indicative values for wind speed and direction
or rain fall are available at our candidate sites from
BoM. Information about wind could be obtained from
global reanalyses such as Saha et al. (2010) NCFSR, or
Atmosphere–Ocean coupled General Circulation Mod-
els, but was considered beyond the scope of this project.
2.3 Acquisition and analysis of me-
teorological data
The Bureau of Meteorology hosts a website from which
images may be downloaded free of charge. However
these images are of a poor resolution, roughly 30km
per pixel, and being lossy JPEG images, suffer from
aliasing effects from the superimposed country out-
lines map. Higher resolution images, roughly 10km
per pixel, from the same satellite are also available,
having an archive history of 20 days only. Thus it was
necessary to download satellite images via FTP ap-
proximately every 2 weeks for a period of slightly over
18 months covering the period 11th June 2008 to 22nd
January 2010.
To investigate cloud cover we wish to know where
the cloud is in each satellite image according to pixel
value. Images can be queried and manipulated in a
number of ways. We used the functionality of the Im-
age module from the Python Image Library (PIL) to
open and interpret the data files and manipulate them
in custom scripts. More information about the meth-
ods and algorithms used to combine the satellite im-
ages can be found in Hotan (2011).
2.4 Results of meteorological analy-
sis
The images are greyscale 8–bit images. Every pixel
has cloud in it some of the time over our period of in-
terest, and as we have not applied thresholding to our
data, any changes due to land temperature have not
been excluded.
For our GIS analysis we work with the combined
image covering the full period for which we have data.
Ideally we should have an integer number of years with
equal days, nights, summers and winters, but in prac-
tice we have approximately 18 months with approxi-
mately 1.5 summers and winters due to the time con-
straints of the project. A rescaled version of this image,
loaded into a GIS and recoloured, is shown in Figure
1, where pixel value corresponds to the value in the IR
images averaged over the period acquired. We show
below that this is reasonably proportional to the num-
ber of cloudy days at a site.
Figure 1: Map showing relative cloud cover across
Australia at false ∼10km resolution in the period
11th June 2008 - 22nd January 2010.
From inspection of the total cloud cover image
we see that there are apparently promising regions of
low cloud cover around northwest Western Australia
and extending inland toward the Northern Territory.
By eye there appears to be some correlation between
altitude and cloud cover. Suitably elevated sites in
the Hamersley Range in W.A., such as Mount Bruce
and Mount Meharry (both ∼1200m elevation), may be
good candidate sites, in agreement with KG’s analysis
and the work of Coops et al. (1991). McInnes et al.
(1974) also mention the potential suitability of north-
ern Western Australia.
We also suggest that an appropriate site in the Mac-
Donnell Ranges in the N.T. would be a good candidate
site (with areas over 1000m elevation). With no special
knowledge of the area, a site was selected to give typ-
ical values for these Ranges, at −23.89oS, 132.20oE.
Coops et al. (1991) found two appropriate sites based
on their cloud cover analysis, the Hamersley Range in
W.A., and the northern end of the Flinders Ranges
in South Australia (previously tested by Hogg (1965),
and later tested by Wood (1995)). While these sites
are reputed to have very good seeing our cloud sum-
mation does not appear to be in agreement with this
suggestion.
We are interested in the range of pixel values in
our combined image, and how they relate to predicted
available observing time. To quantify this we select
7 sites widely distributed around Australia which we
believe are identifiable and near enough to weather
stations that we can assign a pixel value to that sta-
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tion. These should form a reasonable basis for calibra-
tion. Stations selected have historical data of varying
lengths, but covering the period of our satellite im-
agery. The BoM classify days as “clear” or “cloudy”.
These clear and cloudy day values for each identified
site are shown in Table 1, and plotted in Figure 2. It
appears that there is an approximately linear relation-
ship between the number of clear (or cloudy) days and
pixel value in the range 50-120. This validates our use
of pixel value as a proxy for cloud cover, meaning that
for any given site around Australia, simply measuring
the pixel value for that location should give a reason-
able estimate of annual cloud cover at that site. In this
period, the AAO experienced typical observing condi-
tions (Lee 2012). Table 1 also shows the number of
clear days we would predict based on linear regression
of Figure 2 for each site.
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Figure 2: Plot of number of clear and cloudy days
per year at selected BoM sites.
We perform a geographic analysis to compare the
proposed sites to the sites currently hosting research-
class telescopes: the Perth Observatory at Bickley (W.A.),
the Gingin Observatory (W.A.), Canopus Hill (Tas.),
Mt Stromlo (A.C.T.) (currently out of commission),
and the Siding Spring Observatory (N.S.W.).
3 Geographic Analysis
3.1 Background
While in Section 2 we discussed the importance of me-
teorology in choosing a telescope site, there are other
concerns, as described by Ardeberg (1983), whose sec-
ond and third sets of siting criteria are geographic, be-
ing the site’s altitude (ideally above an atmospheric
inversion layer), topography, temperature, tempera-
ture stability and atmospheric turbulence, which re-
quire on-site measurements for accuracy, air pollution,
light pollution and seismic activity. We might natu-
rally add to this list flood, fire and cyclone risk, land
availability for the task, and environmental impact as-
sessment concerns. We may also be interested in the
fourth set of siting criteria which relate to convenience
– site accessibility and availability of water.
We perform a low-level geographic analysis across Aus-
tralia, combining geographic factors with meteorologi-
cal factors to describe suitabilities. We may then con-
sider each proposed site in detail (Hotan 2011).
All our site requirements have a spatial component,
and thus geographic analysis is appropriate. In this
study, we focus on the simple combination of elevation
with cloud cover using a Geographic Information Sys-
tem (GIS) (Hotan 2011). GIS analyses are used in a
range of fields. We are interested in gaining informa-
tion by linking remotely sensed data to other datasets
with spatial information that is important to us, in
particular, a Digital Elevation Model (DEM).
3.1.1 Multi-Criteria Decision Analysis
One important aspect of GIS is the analysis method
and science of Multi-Criteria Decision Analysis (MCDA)
(Figueira et al. 2006; Longley et al. 2005; Malczewski
1999). MCDA is a process by which a number of
parameters affecting the goodness of a location for a
task are identified, relative importance of these cri-
teria determined using some decision metric, and the
normalised variables combined by some algorithm ac-
cording to the task and a final value for suitability is
obtained.
A common algorithm is the weighted sum approach
where each criterion is multiplied by its weight, each
weight ∈ (0, 1) and ∑wi = 1.
The weights are obtained via a decision making metric
(Clemen 1996; Figueira et al. 2006; Maxell 2008) that
allows the user to determine which of the variables are
important and their relative importance in the system.
In this study, we have the situation where we cannot a
priori know what the best weightings for cloud cover
and elevation are, so we must try a few different values.
A general suitability involving both k Boolean and l
continuous criteria, may be given by the rule
suitability =
k∏
a=1
criteriaa×
l∑
b=1
(weightb× criteriab).
(1)
3.2 Using MCDA to choose locations
In order to perform a geographic analysis to find an
appropriate site for a telescope, it is reasonable to use
MCDA. The major focus of this study is in finding
general regions in which telescope siting is likely to be
productive, so we do not focus in detail on the lower-
level criteria.
We are interested in the rate of cloud cover; and
to a low order, we can consider elevation (altitude
above sea level) to be a proxy for seeing conditions
(Racine 2005). Greater elevation means less atmo-
sphere for light to pass through and potentially dif-
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Station Pixel value Clear days Cloudy days Predicted clear days Cloud suit.
Strathgordon (Tas) 118 16.1 211.4 28 0.15
Coonabarabran (NSW) 96 146.3 94.5 118 0.52
Alice Springs (NT) 76 200.2 63.1 193 0.85
Spring Creek (Vic) 103 79.9 159.5 87 0.40
Georgetown (Qld) 80 164.6 55.4 177 0.78
Arkaroola (SA) 81 181.8 62.4 173 0.77
Wittenoom (WA) 74 183.4 64.8 200 0.88
Table 1: Number of clear and cloudy days per year at selected BoM sites, with regression prediction for
number of clear days, and cloud cover suitability from Equation 3.
ferent and more stable air columns than at sea level.
In reality the amount of atmosphere above a site is
more accurately gauged by air pressure. We have used
the model of US Standard Atmosphere (1976) Equa-
tion 33a to check the effect of switching to a pressure
based metric and find no significant difference in our
final suitability numbers.
3.2.1 Sources of data
The data used in this analysis is that created in Sec-
tion 2, the high–resolution averaged cloud cover over
Australia between June 2008 and January 2010. All
geographic data used in this study were obtained from
Geoscience Australia’s free data downloads5. The Dig-
ital Elevation Model (DEM) used was the 9 arcsecond
DEM, which relates to a grid size of roughly 250m
square. This is significantly higher resolution than the
cloud cover data.
Further datasets were downloaded from Geoscience Aus-
tralia as required. Some data were manually created,
such as the layer showing present and proposed tele-
scope locations.
3.2.2 MCDA method
In order to combine “layers” in our GIS, we need to
normalise our criteria so that we are able to compare
them. It is important to note at this point that this
study is predicated on wishing to build a telescope in
Australia, and thus this normalisation to create suit-
abilities only applies within Australia. This allows for
relative comparison of the goodness of sites over the
region considered.
The DEM gives us altitude values in a grid across
Australia, which we scale so that the altitude suitabil-
ity is given by
altitudesuit =
elevation
Max(elevation)
, (2)
where maximum elevation is 2228m. We define this
criterion’s suitability on the basis that higher is al-
ways better, although sites in different climates may
in practise have equivalent seeing at different altitudes.
We normalise cloud cover data such that areas of
low cloud cover have high suitability and areas of high
5https://www.ga.gov.au/products/
cloud cover have low suitability.
We scale the cloud cover data to its criterion suit-
ability, while maximising the dynamic range of the
data. By inspection, all continental data points take
pixel values between approximately 67 (minimal cloud
cover) and 127 (maximal cloud cover). Thus we can
linearly rescale and normalise this layer (given the lin-
ear trend seen in Figure 2) according to
cloudsuit = 1− PixelV alue(cloud)− 67
127− 67 . (3)
We can combine these two criteria suitability layers
together using Equation 1. First we need to determine
what the weighting of each criterion should be. There
is no clear answer as to which is more important, high
elevation or low cloud cover. Instead we wish to opti-
mise the two. The best approach is determined to be
to calculate suitabilities for a number of combinations
of criteria weightings, and discuss the implications of
each.
3.3 Results of MCDA
We have the DEM shown in Figure 3. The figure is
coloured to 3 standard deviations, meaning that we
mostly colour the near–mean detail and set the colour–
scale to its maximum or minimum value when we are
significantly far from the mean value. Intuitively, if
we are interested in elevation, we would primarily look
for sites along the Great Dividing Range, and also con-
sider parts of Tasmania, Queensland, South Australia,
and the inland regions of the Northern Territory and
northwest Western Australia.
We create a comparable map of cloud cover suit-
ability, which we obtain by rescaling our summed me-
teorological data as given by Equation 3, and shown
in Figure 1. Note that we resampled the layer to have
the same resolution as the DEM by interpolation to
crop the cloud cover data accurately to the DEM.
We now combine these two layers (shown in Figures
1 and 3) using the MCDA method given by Equation
1. We will consider 3 cases. Each case represents a
different set of conditions which will be appropriate to
a different type of telescope or observing. We always
want elevation to be the key factor, as atmospheric
clarity will always be important.
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Elevation map of Australia
Figure 3: Map showing elevation across Australia
at ∼250m resolution.
3.3.1 Case 1: Equal weightings
Here we consider low cloud cover and high elevation to
be equally important. Such a suitability metric would
be appropriate for a telescope on which we value hav-
ing a lot of observing time, with goodness of atmo-
sphere of no greater importance than the time we can
spend observing. This metric would be suitable for
siting a telescope whose primary purpose is transient
follow–up work and Near Earth Object (NEO) detec-
tion and tracking.
Figure 4 shows the result of combining the data in
Figures 1 and 3 by multiplying each by 0.5 and adding
them together (both are scaled to between 0 and 1).
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Figure 4: Map showing suitability values across
Australia for an “Equal weightings” metric.
This map also shows the locations of existing tele-
scopes and candidate sites, to give the reader a feel
for the location and approximate suitability of each
location under this metric, as do the following maps.
3.3.2 Case 2: Twice elevation
In this case we consider the elevation to be twice as
important as cloud cover. This metric would be appro-
priate for a telescope in which we require fairly good
seeing, and much observing time. Extensions to work
done at the Australian Astronomical Observatory may
be possible with such a telescope, such as surveys like
6dF (Jones et al. 2004) and WiggleZ (Drinkwater et
al. 2010).
Figure 5 shows the result of combining the data in fig-
ures 1 and 3 by combining them with a weighting of
∼0.667 on the DEM and ∼0.333 on the cloud cover
rate.
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Figure 5: Map showing suitability values across
Australia for a “Two times elevation” metric.
3.3.3 Case 3: 10% cloud cover
In this case we consider looking for a site where we
are predominantly concerned with elevation, with low
cloud cover being a secondary factor. Such a metric is
useful for siting telescopes where astronomical seeing
is of prime importance. Such a site would allow very
good imaging. A higher elevation site will also gener-
ally be superior in the infrared.
Figure 6 shows the result of combining the data in fig-
ures 1 and 3 by adding them with a weighting of 0.90
on the DEM and 0.10 on cloud cover rate.
_^
!.
!.
"/
!.
!.
_^
_^^_
"/
_^
Suitability #3: 90% Elevation, 10% Cloud cover
®
Legend
Telescope sites
_^ Prospective
!. Research
"/ Non-operationalSuitability
Value
94%
0.1%
0 300 600 900 1,200150 Kilometres
Created by Claire Hotan 19th June 2010Data from:: - Geoscience Australia        - Bureau of MeteorologyData geographic coordinate system: GDA1994, noneProjected coordinate system:  GDA 1994 GA Lambert© Curtin University of Technology
Figure 6: Map showing suitability values across
Australia for a “10% cloud cover” metric.
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3.4 Discussion of MCDA results
In Section 3.3, note that for the first metric, where
elevation and cloud cover are given equal importance,
we see that roughly anywhere in the Northwest area
of Australia would be suitable, with the Southern and
Eastern areas of the country excluded due to their rel-
atively high rates of cloud cover. However when we
consider the third case, in which 90% of the suitabil-
ity comes from the site’s elevation, we find that parts
of the Great Dividing Range are considered suitable
while large areas in the Northwest of the country are
not. This is because there are some relatively high
peaks in the this range, so in some cases if the cloud
cover in those areas is low enough, we will still rate
them as suitable, even though they are likely to have
a relatively low rate of photometric observing condi-
tions, similar to and perhaps worse than Siding Spring,
N.S.W.. As one might expect, the results of the inter-
mediate case metric produce suitability areas which
are similar to both extreme cases.
We note that the observatories located at the Sid-
ing Spring are in perhaps one of the best locations,
within the constraints of being built an accessible dis-
tance from major cities.
In the remainder of this section we discuss the iden-
tification of prospective telescope sites based on this
analysis, and compare those sites to existing sites, and
sites proposed previously by other authors.
3.4.1 Identifying potential sites
It is apparent that some areas of Australia appear to
perform consistently well over all metrics.
If we have a particular science objective, or potential
telescope that we wish to site, we may concentrate on
the most suitable metric, however in this instance we
are looking for typically excellent sites for prospective
astronomical observing, then we consider the results
produced in Figures 4, 5 and 6 to find locations or
areas which promise to be capable of producing good
results for any telescope which may be built. By in-
spection of these figures, we see consistently suitable
areas arising in the ranges in northwest of W.A. and
inland N.T., with both ranges having peaks of rela-
tively high elevation.
From a meteorological perspective, prevailing mid–latitude
winds blow from west to east, meaning that we might
expect better atmospheric stability over western moun-
tains than eastern mountains. The particular details of
cloud formation and medium–scale meteorology over
areas of Australia is beyond the scope of this study,
but may be considered a factor which could negatively
impact on sites.
Thus based on this method of combining average
cloud cover data with elevation data, we can propose
sites which may in the future be tested for siting op-
tical research telescopes in Australia. These sites are
Mt. Bruce and Mt. Meharry in the Hamersley Range
(W.A.), and the MacDonnell Ranges in the vicinity of
Mereenie (N.T.). These sites have peaks of approxi-
mately 1200m (W.A.) and 940m (N.T.).
3.4.2 Comparison of proposed sites with
previously suggested sites
The three sites we proposed as GIS–based candidates
are now compared with other sites. To do this, we
need to “extract” the suitability rating from each met-
ric for each site of interest. Table 2 shows the locations
and suitabilities of the sites of interest in this study –
present research sites, those proposed by other studies,
and those proposed here. The table also shows the ap-
proximate elevation of each site, as well as a prediction
of the approximate number of clear days for that site
based on a regression of Figure 2 using the pixel value
at each site.
In Table 2 it is apparent that most of the cur-
rently existing research telescopes are not ideally lo-
cated. The Siding Spring Observatory fares remark-
ably well under the first metric of equal weighting of
cloud cover and elevation with a suitability of 53%,
considering that our primary reason for wanting to find
a new telescope site is the frequent poor observing con-
ditions at this site. Perth Observatory and Gingin Ob-
servatory, both in W.A., which are both in a latitude
zone with dry summers but very wet winters, perform
poorly under this metric, and both are at low eleva-
tions. Similarly outperformed in this metric are the
defunct Mount Stromlo site (A.C.T.) and both Cano-
pus Hill and the new Bisdee Tier site in Tasmania.
All “proposed” sites carry similar or higher suitabil-
ity ratings under the first metric than Siding Spring.
Note that we would predict Siding Spring will experi-
ence 241 non–cloudy days per year, while the Hamer-
sley Range sites are predicted to experience 319 non–
cloudy days. Indeed, Lee (2012) states that in the
period of interest, the AAO was able to observe 64%
of the night time, which is roughly equivalent to 233
non–cloudy days.
The Siding Spring Observatory telescopes are typ-
ically used for galaxy redshift surveys and similar sci-
ence. Thus we wish to be in the regime around the sec-
ond metric, where elevation carries more weight than
cloud cover, but cloud cover remains an important con-
sideration. In this metric, Siding Spring is given a suit-
ability value of 51%. Note that 100% suitability would
require no cloud cover at maximum elevation which is
highly unlikely. Three of the five proposed sites have
equal or better suitabilities under the second metric
than Siding Spring. Thus it appears reasonable to ex-
pect that if we wished to build a new telescope to per-
form similar work to that done by the telescopes at
Siding Spring, we would do well to consider siting it at
one of these 3 suggested sites.
In the third metric, we place the greatest impor-
tance in elevation, as an indication of good seeing when
conditions are photometric, we find that both Siding
Spring and Mount Stromlo have values of around 48%
and 35% respectively, while the other active research
telescopes are much lower. We note that it would ap-
pear that the relocation of the University of Tasma-
nia’s primary observatory from Canopus Hill to Bisdee
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Tier should more than double the suitability of their
site under this metric, although resolution of less than
1 arcsecond remains unlikely (Cole 2010). The two
previously proposed and tested sites, Mount Singleton
(W.A.) and Freeling Heights (S.A.) both appear to be
good sites, but by this metric do not hold any advan-
tage over existing sites. In the case of Freeling Heights
this appears to be in contradiction to the findings of
Wood (1995). The proposed sites in northwest West-
ern Australia appear very well suited to this metric.
An examination of each of the identified sites, in-
cluding accessibility and possible light pollution, is pre-
sented in CH’s dissertation (Hotan 2011).
3.4.3 Prospective sites for a new telescope
The mountains in the Hamersley Range in the Pil-
bara region of Western Australia have been identi-
fied in a number of previous studies based on mete-
orological analyses of cloud cover patterns, but typ-
ically discounted due to remoteness. In recent years
astronomers have started to consider sites where acces-
sibility concerns are not considered important, wishing
instead to gain the best sites available, such as those
in Chile´, and Antarctica (Burton et al. 2005).
Under the assumption that we should be more inter-
ested in the goodness of a site than the practicalities
of building on or accessing that site, KG performed a
meteorological analysis, concluding that Mount Bruce
could be potentially the best site in Australia for a
future optical telescope in this country. It is worth
noting that the studies mentioned previously, and the
current study, are performed with data from different
epochs, so the fact that this area is repeatedly pre-
ferred suggests that it is less likely to be due to chance
climatic variations.
Thus based on the information presented in Table 2 we
might suggest that both of the two mountains identi-
fied in the Hamersley Range are good candidates and
should be considered seriously, with site testing per-
formed at these sites. We comment though that the
Northern part of Australia typically experiences higher
rates of cyclones and lightning strikes6.
Practical considerations need to be taken into ac-
count, in this case, the consideration in the third group
of criteria suggested by Ardeberg (1983), of artificial
light pollution. Western Australia is very mineral–rich,
and there are many mines throughout the outback re-
gions. One such very large mine is located on the side
of Mount Bruce, and so despite the height of the moun-
tain, it appears likely that sky quality conditions may
be adversely affected on this site. Thus it is consid-
ered pertinent to also investigate the nearby Mount
Meharry, which is located within the Karijini National
Park, and is therefore somewhat shielded from such
light pollution. By the model of Racine (2005) we
might expect sub-arcsecond median seeing values a lit-
tle over 0.9”at these sites for a telescope elevated 4m
above the ground.
6See e.g. lightning maps on http://thunder.msfc.nasa.
gov/data/OTDsummaries/gifs/1999 YTD world.gif.
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Although these two mountains are geographically close
together, they differ in topography. This may lead
to differing air-flow patterns across their peaks, which
could produce different observing conditions at each
site.
Based solely on our suitability calculations pre-
sented in Table 2, it appears that sites in the Mac-
Donnell Ranges may be of similarly high suitability
ratings to those in the Hamersley Range in Western
Australia, and may have higher elevations and suitabil-
ities, as the highest point in the MacDonnell Ranges
is Mount Zell at 1531m. Intuitively we would expect
significant diurnal convection currents this far inland,
and would not expect stable air columns. Nevertheless,
based only on the suitability values computed, without
access to good atmospheric models for each area, we
can not necessarily recommend the Hamersley Range
sites over those potentially available in the MacDon-
nell Ranges. Thus a site such as that suggested here
should also be physically tested to ascertain the atmo-
spheric behaviour in this region.
3.5 Future extensions to this work
The initial and important extension to this work would
be performing site tests to obtain empirical values for
the astronomical seeing at the proposed sites. We
should obtain comparison values from operational ob-
servatories.
Further geographic analysis is also necessary prior
to making proposals to government or universities in
terms of land acquisition and logistics. Geoscience
Australia provides appropriate datasets for this task.
We wish to know that the site is geologically stable. In
terms of potential light pollution it will also be impor-
tant to try to build in a protected area, and that no
significant mineral deposits which could become min-
ing targets in the future lie within the “viewshed” of
the proposed site.
We should ideally also extend the meteorological
work to cover a longer time range. It would also be
preferable to obtain precipitable water vapour data,
and perform an equivalent analysis. Ideally a number
of climate models should also be studied to look at
present and recent past meteorological suitability of a
site, and whether we would predict the goodness of the
site will improve or worsen over the medium term of
its operation. SEACI (2010), for example, study di-
minishing rainfall in South East Australia, and IOCI
(2009) study the science of increased rainfall and ex-
treme weather events in northwest Western Australia.
4 Conclusion
In this study we have investigated the prospective sit-
ing for any potential optical telescope to be built within
Australia. We obtained IR cloud cover data from the
Bureau of Meteorology, which we combined to find
trends in total cloud cover over the 18 month period
June 2008 – January 2010. This analysis indicated ar-
eas of low cloud cover over the northwest of Western
Australia, extending inland to the Northern Territory
over the MacDonnell Ranges.
We then imported the total cloud cover image into
GIS software, and combined it with a digital eleva-
tion model of Australia to find areas suitable for vari-
ous types of telescopes, using three different metrics of
weighting the importance of elevation (to minimise at-
mospheric disturbance and extinction) and cloud cover.
While different weightings produced different results,
the mountains in the Hamersley Range of northwest
Western Australia consistently performed well in all
the metrics. They have both good elevations by Aus-
tralian standards and very low cloud cover rates.
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